A novel modular cascaded dual-buck DC converter which can be applied in Second-Life Hybrid Battery Energy Storage System is proposed. In order to suitably integrate and control these widely different batteries, a suitable multi-modular converter topology is required. A new type of boost converter is proposed, on the front end of each module. It is adapted to the working conditions of various second-life batteries, and it can be used as equipment and the interface of those batteries. The novel proposed boost converter has a higher efficiency compared with the traditional boost converter. The cascaded dual-buck DC converter has been used in this paper. This converter can flexibly connect each module and improve the output voltage. A brief discussion of the general operating principle of the topology is given. Therewith, the advantages of the structure compared with the conventional DC converter are introduced. Finally, simulation with 5kW system is given to prove the theoretical analysis and simulating feasibility of the proposed DC converter.
Introduction
Energy storage system has an irreplaceable role in the regulation of power quality, such as peak load shifting, raising the utilization ratio of fossil fuels and improving system stability [1] . As the usage of electric car continues to increase, the battery life is limited. The general of rechargeable lithium ion batteries capacity of less than 80% of the original battery capacity can't meet the requirements of electric vehicle daily drive, which leading amounts batteries to be eliminated [2] . This paper is concerned with hybrid second-life battery systems, e.g., reusing electric vehicle (EV)/hybrid EV batteries in Photovoltaic System applications, because there is a significant interest in using these transportation batteries to help support the Photovoltaic System functionalities, it has brought a new direction for the development of battery energy storage system not only can effectively utilize this idle part of social resources, but can greatly reduce the construction cost of future energy storage systems [3] [4] .
However, to get a suitable system for grid support, amounts of different kinds of batteries (Li-ion, lead-acid, and NiMH) will be used. As a battery fails, it would be desirable to hot-swap it for one that works, resulting in a hybrid mix encompassing everything from new batteries to batteries close to failure at any moment in time [5] [6] . To meet the requirements for integrating together hybrid energy storage systems, in this paper, a novel cascaded dual-buck DC converter is proposed to fully utilize second-life batteries on the Photovoltaic System.
Topology
The basic topology of the novel modular cascaded dual-buck DC converter is presented in Fig.1 . Each module includes two parts. Two half-bridge dual-buck converters are integrated to realize bidirectional voltage shifting. When the battery is in discharging, the voltage of each module will increase to Vmi by the front-end boost converter, then, the desirable voltage Udc can be regulated by the back-end cascading buck converter. When the battery is in charging, the working status of the converter is in contrast to the above. 
Operating Principles
The system can work in charging mode and in discharging mode. The proposed topology configuration offers a large degree of flexibility, using an appropriate module switches (Si, Ti), where each module may be operated in boost mode (buck module bypassed), in buck mode (with the boost module bypassed) or in boost-buck mode (Si and Ti in PWM).
If the battery in one of the mode has discharged thoroughly or the mode malfunctions, it will be bypassed and will not affect the whole system, hence, this topology offers a good compromise between the cost, efficiency, and reliability while maintaining the flexibility to deal with different battery voltages and power levels. U can be derived as
Boost Converter
Hence, Uc1 can be regulated by duty cycle D. 
A Comparing with the Traditional Boost Converter
The basic topology of traditional boost converter is presented in Fig.4 . When the switch S1 is turned on, the load actually powered by capacitor C1 and the power of C1 come from the battery and inductor L1 when switch S1 is turned off.
Comparing with traditional boost converter, the load actually powered by capacitor C1 and battery at the same time when switch S11 is turned on for the novel converter shown in fig 2. The power from C1 can be less, and then the power across diode D1 transferred from inductor L1 to C1 will decrease, consequently the power flowed by switches will decrease, leading lower loss and higher efficiency, additionally, the volume of capacitor C1 can be reduced when designing the system. The output voltage Uo is given by:
The power Pbatt flowed from battery by capacitor C1 can be expressed as follows:
The energy Watt flowed from battery by capacitor C1 can be expressed as:
max  =25% when D=0.5. Based analysis above, almost 25% energy can be transferred into load without flowing through switches, greatly reducing the loss.
Front-End Parameter Design
The maximum value of the inductor current ripple 1 L i  can be typically 10% to 30% of the peak current.
Thus the inductor Lf-n1 can be derived as: 
Multilevel Buck Converter
As shown in fig.5 , the buck-end multilevel buck converter, The cascaded switches Tii(i = 1…n) can have an individual duty ratio di, the output voltage Udc can be written as follows:
Where Vm1= Vm2=…=Vmn Hence, the desirable Udc can be obtained by regulated duty ratio di. Since every mode is cascaded, the output power Pi of each mode can be changed by regulated each mode output voltage. 
Buck-End Inductor Design
The inductor current ripple
Therefore, the inductor Le_n1 can be derived as follows:
Back-End Capacitor Design
The cut-off frequency fc is given by
Then capacitor C can be derived as follows:
Simulation Analysis
In this paper, the PSIM simulation software is used to verify the validity and good performance of the proposed system shown in fig. 1 . The output power is 5kw. The circuit configuration and the key parameters are shown in table 1. Fig .6 shows the simulation waveforms of the total output voltage Udc =760V. It can be seen that the system has a good performance working in the steady-state operation, which is consistent with the theoretical analysis above. Fig. 7 shows the mid-voltage Vm=200V which can be achieved by most second-life batteries. The front-end inductor current ripple is presented in fig.8 . The inductor current is about 7.7A and the inductor current ripple
is very close to the result Eq. (7). The back-end inductor current ripple is presented in fig.9 . The inductor current is about 7.6A and the inductor current ripple 
Conclusion
A novel modular cascaded dual-buck DC converter which can be applied in Second-Life Hybrid Battery Energy Storage System is proposed. In the front-end of each module is a new type of boost converter. The novel proposed boost converter has a higher efficiency compared with the traditional boost converter. The cascaded dual-buck DC converter has been used in this paper. This converter can flexibly connect each module and improve the output voltage. A brief discussion of the general operating principle of the topology is given. Therewith, the advantages of the structure compared with the conventional DC converter are introduced. Finally, simulation with 5kW system is given to prove the theoretical analysis and simulating feasibility of the proposed DC converter.
